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Abstract 
Plastic waste processing is a problem that almost several countries in the Asian region are unable to overcome. One of 
the latest innovations carried out in the field of road pavement construction is mixing HDPE type plastic waste that has 
been processed into plastic seeds into the asphalt concrete mixture. Previous research has shown that HDPE plastic waste 
may be reused to improve the physical properties of temperature-sensitive asphalt and improve the stability of asphalt 
concrete. This study was conducted to determine the effect of using HDPE plastic ore as a mixed additive on the Asphalt 
Concrete-Wearing Course (AC-WC) using Marshall parameters. Marshall Parameters used are stability, flow, VIM, 
VMA, VFA, and MQ. The study was conducted in a laboratory by testing 42 samples with different levels of HDPE 
plastic seeds, mixed using wet methods to determine Marshall Characteristics. Manufacture of test objects using asphalt 
type, which has a penetration rate of 60/70. The initial research results showed that the optimal asphalt content (OAC) is 
5.5%, with the percentage content of HDPE plastic seeds around 0, 1, 2, 3, 4, 5, 6, and 7% compared to asphalt weight. 
The results showed that the effect of HDPE plastic seed content on the AC-WC mixture increased the value of Marshall 
Characteristics and met all the requirements of SNI 06-2489-1991. This finding shows that HDPE plastic seeds deserve 
to be an alternative material for road pavements. 
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1. Introduction 
Asphalt, Concrete Layer is one type of asphalt layer. A layer of asphalt concrete that serves as a street development 
cover is possible. This layer is made up of totals, fillers, and folios that have been blended and dispersed at a specific 
temperature. Inadequate asphalt execution caused by insufficiencies in the concrete mix can cause premature damage 
to roadway asphalt [1]. Recycled waste materials have recently been utilized as added ingredients in asphalt mixtures, 
resulting in natural, financial, and specialized benefits [2]. Inadequate asphalt execution caused by insufficiencies in 
the concrete mix can cause premature damage to street asphalt. Improving the asphalt concrete blend has proven to be 
an effective method of avoiding early injury [3]. The ability of asphalt pavement to withstand the effects of water 
without significant weakening within the asphalt was a key solidness concern. The moisture damage is typically 
referred to as a failure of the gripping bond at the asphalt-aggregate interface or a problem with asphalt cover 
cohesiveness [4]. According to the Ministry of Environment, Indonesia produces up to 65 million tons of plastic waste 
every year, with plastic responsible for 14%, or 9 million tons [5]. The plastic waste in Indonesia has substantially 
increased as a result of increased urbanization and rapid population growth. Plastic waste has evolved as one of the 
most critical environmental issues. 
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The repurposing and use of such squander cloth are an option designed to alleviate the problems associated with 
urban squander. With this in mind, expanding the use of Tall Thickness Polyethylene (HDPE) in street asphalt could 
be a viable option for reducing plastic waste [6, 7]. HDPE or PEDH is a plastic polymer with elastomeric qualities, 
making it ideal for various applications. High-density polyethylene has a higher specific density than standard 
thickness polyethylene, as the name implies, albeit the difference is minor. The lack of branching distinguishes 
HDPE's physical qualities, meaning that it is lightweight and highly flexible. HDPE is a coordinating polymer because 
of its denser structure [8, 9]. 
The use of asphalt-added materials such as HDPE appears to be making progress in terms of asphalt resistance, 
including distortion rate, weakness, and grip [10-12]. As a result, the Marshall Stability approach is used to determine 
the quality of asphalt pavement. Around 1939, the Marshall Stability technique was developed. The procedure has now 
established itself as the most widely utilized design and assessment method for street asphalt. Marshall Stability and 
flow testing were essential indicators of asphalt pavement execution [12, 13]. The resistance of asphalt materials to 
distortion, displacement, rutting, and shear loads is known as Marshall Stability. Marshall Stability is a measurement 
of an asphalt blend's ability to handle the most intense activity loads. The vertical distortion that occurs at the most 
extreme stack conditions [14, 15] indicates the stream rate. 
Previous studies have shown that plastic fabric-added chemicals have good benefits, but they are costly and thus 
unsuitable for developing countries [16]. The plastic fabric used in this study was made from HDPE plastic seeds, 
which are widely available in Indonesia, to address the far-fetched issue. Other resources employed in this study 
include totals taken from a quarry in Tarakan, North Kalimantan, and seeds, petroleum asphalt review purchased from 
PT Pertamina Indonesia with an infiltration esteem determination of 60/70. As a control mix, examples of standard 
asphalt mixtures without the addition of HDPE were employed. 
2. Materials and Procedures 
2.1. Asphalt Pavement Material 
Coarse aggregate, fine aggregate, asphalt, and plastic were used in this research (HDPE plastic seeds). Coarse 
aggregate and fine aggregate can be found in retail shops, while HDPE plastic seeds can be found in Tarakan, North 
Kalimantan, as indicated in Figure 1. The physical features of HDPE Plastic Seeds shown in Table 1 are used to create 
HDPE plastics commonly used in plastic bags, plastic rolls, and sheet plastic [3]. HDPE Plastic Seeds are 
recommended for single usage only due to increasing antimony trioxide compounds over time. Clean, sound and 
calibrated equipment are required for testing coarse aggregate, fine aggregate, asphalt, and plastic ore, as well as 
Marshall Test specimens [17]. 
 
Figure 1. Seeds made of HDPE plastic 
Table 1. Physical Properties of HDPE plastic seeds 
Parameter Value 
Density 0.94 gr/cm3 
Melting point (°C) 128 
Fiber type Polyethylene 
Acid and alkali resistance strong 
Length (mm) 5 
Break elongation 750% 
Fibre diameter (mm) 3-5 
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There were coarse, medium, and refined grains in the combined aggregate. Fly ash was used as a filler and 
provided a fine texture. The combined add-point-by-point up's degree has met the nuanced features of the Indonesian 
National Standard (SNI) add up to degree code for the AC-WC. Based on a combined aggregate assessment, the final 
composition is 14 percent CA (coarse aggregate), 46 percent MA (medium aggregate), 40 percent FA (fine aggregate), 
and 4 percent FF (filler). All of the tests were conducted on asphalt with a 60/70 entrance audit respect [18]. Figure 2 
illustrates the gradation of selected aggregates for the wearing course. The results of practically all chemical and 
physical tests conducted in the inquiry office are based on the judgments and standard code derived from a few recent 
investigations [19, 20]. 
 
Figure 2. Wearing course aggregates gradation 
2.2. Asphalt Pavement Quality Assessment 
In Indonesia, the Marshall approach is used to assess the quality of asphalt pavements. This technique references 
the Indonesian National Standard's structures (SNI). The Marshall characteristic values are urged from each tried 
example, using SNI 06-2489-1991 as a strategy. In addition, the Marshall Stability Method is used in pavement design 
to determine the rate of Optimum Asphalt Content (OAC) in the mix [20, 21]. Preliminary studies included 
experiments in determining the rate of OAC using Marshall Test settings. The OAC appeared to be 5.5% of the total 
asphalt weight based on the results. This OAC value is used as a reference for the various proportions of HDPE 
expansion, which are as follows: 1, 2, 3, 4, 5, 6, and 7% [21]. 
AC-WC (Asphalt Concrete-Wearing Course) is a hot mix asphalt (HMA) composition regularly used in Indonesia. 
AC-WC is the layer of the road surface that interacts directly with car tires on asphalt structures. It could be a flexible 
asphalt layer made up of a mix of hardened asphalt and constant complete compression at a specific temperature [22]. 
The AC-WC uses an asphalt layer to provide a waterproof coating that is both solid and long-lasting. In any case, it 
has flaws in flexibility, solidity, and tiredness, splitting vulnerability. The use of plastic seeds HDPE is expected to 
address these flaws while improving the asphalt blend's quality [23, 24]. 
Various waste plastics have been tested in the past to determine their capacity to advance the execution of asphalt 
mixtures, including HDPE-modified polymer in asphalt mixture [24, 25], HDPE in asphalt concrete mixture, Buton 
granular Asphalt in AC-WC, Buton rock asphalt, used plastic bottles in a modified asphalt mixture, HDPE waste in 
paving materials [26]. 
3. Applications of Methods 
After the literature study then conducted an experimental plan preparation. The first stage is to determine the 
optimum asphalt content of the control mixture without any addition of plastic HDPE seeds. The second stage is to 
add variations of HDPE plastic seeds as an additive to the concrete asphalt mixture. Determination of optimal asphalt 
content requires 15 specimens based on five variations of asphalt content, with each variation made of three 
specimens. The number of specimens needed for the marshall test is 24 samples, adjusted to 8 kinds of HDPE plastic 














































Figure 3. Research procedure flowchart 
3.1. Specimen Preparation and Mixing Procedures  
This additive can be added to an asphalt mix using one of two methods: dry-based mixing or wet-based mixing. 
This study [27] relied on the latter. The HDPE plastic seed particles are added to the hot asphalt mixture at a precise 
temperature during the mixing process. This ensures that the HDPE plastic seeds particles are well-blended with other 
components, resulting in a homogeneous solution that HDPE can visually check. The content of HDPE plastic seeds 
played a crucial influence in variable differences in this study, which used a laboratory-based efficient investigation. 
An asphalt binder and HDPE plastic seed particles were added to the resulting aggregate [28, 29]. The number of 
specimens and the technique of preparing them followed the SNI 06-2489-1991 code, which also is mentioned below: 
The content of HDPE plastic seeds has an important influence on the changes in variables in this study, which uses 
a laboratory-based experimental approach. Two techniques are used to improve asphalt mixing performance: a. Using 
a wet method (wet process). To mix evenly or homogeneously, plastic is poured into hot asphalt and swirled at a high 
pace. b. In the dry process, plastic is mixed with heated aggregate before being mixed with hot asphalt. Wet mixing is 
accomplished by introducing HDPE plastic seeds in a hot asphalt mixture at a predetermined temperature. This 
guarantees that the HDPE plastic seeds are mixed with the other aggregates to produce a homogeneous mixture. 
Asphalt binder and HDPE plastic seeds are added to the combined aggregate [30, 31]. The number of specimens and 
the implementation procedure are based on SNI 06-2489-1991 and are detailed below: 
a. Specimen preparation for OAC analysis of AC-WC blend. To determine OAC within the AC-WC blend, twenty-
five specimens were arranged. The asphalt substance kinds of 4.5 percent, 5.0 percent, 5.5 percent, 6.0 percent, 
and 6.5 percent were used in the analysis. Each total weighed in at 1200 grams. At an optimal temperature of 
200°C, the totals were blended with asphalt. Each example was compacted using an automatic Marshall 
compactor [32], which added up to 75 blows from both above and below. The specimens were allowed to cool to 
ambient temperature for over five hours before being ejected from the machine using the ejector. After nearly 24 
hours of soaking, the specimens were finally evaluated for quality [32]. 
b. Specimen preparation for the AC-WC mixture without the addition of HDPE plastic seeds. Because these 
specimens were the same as those used to determine OAC, they were not unusually organized. The OAC was 5.5 
percent based on the arithmetic mean values. The specimens or data containing 5.5 percent OAC were used as 
AC-WC mixed specimens without HDPE plastic shields. The AC-WC blend had only one variety before the 
introduction of HDPE plastic seeds, requiring five trials. 
c. Preparation of specimens for the AC-WC combination with the addition of HDPE plastic seeds. The OAC value 
of 5.5 percent was used to create these specimens. The HDPE plastic seed particles were mixed with the AC-WC 
at different percentages: 1, 2, 3, 4, 5, 6, and 7%. Each variation necessitated the collection of five specimens for a 
total of 35 samples. Each sample weighed in at 1200 grams total 
3.2. Temperatures for Mixing and Compaction 
The temperature for combining aggregates and compaction is set according to SNI 06-2489-1991 method. At the 
same time, the mixed aggregate, which contained 14 percent CA, 46 percent MA, 40 percent FA, and 4 percent FF, 
START LITERATURE STUDY RESEARCH DESIGN MATERIAL PREPARATION 
MIX DESIGN SPECIMENS 
Based on variation of asphalt content 
Asphalt cement, Aggregate, Filler, HDPE plastic seeds 
OPTIMUM ASPHALT CONTENT determination 
MIX DESIGN SPECIMENS 
Optimum asphalt content and variations HDPE 
plastic seeds  
MARSHALL TEST 
DATA ANALYSIS 
Density, VIM, VMA, VFA, Flow, 
Stability, MQ 
CONCLUSION 
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was heated to 150°C, and the aggregate heated conventional asphalt or modified asphalt HDPE plastic seeds to an 
ideal temperature of 200°C. The aggregate, which had been warmed to 150°C, was then poured into asphalt that had 
been preheated to 200°C in a container. The two were then stirred together until a homogenous AC-WC blend 
emerged. For the AC-WC mixture specimens, the compaction temperature was kept at 135°C. 
The combined aggregate is added at a temperature of 150°C after the asphalt mixed with plastic waste has been 
heated to 200°C, allowing the stiff binder to melt [32]. With a total of 75 blows from both above and below, the AC-
WC Mix was compacted using a Marshall programmed compactor. All instances were allowed to cool for about five 
hours at room temperature after compaction and then were ejected from the machine using the ejector [32].  
3.3. Procedure for Testing Specimens 
Density, voids in the mix (VIM), Void filled asphalt (VFA), voids in the mineral aggregate (VMA), Marshall flow, 
stability, and Marshall Quotient were all evaluated using Marshall stability tests (MQ). SNI 06-2489-1991 was used to 
conduct the Marshall Stability test. 
4. Analysis Discussion Result   
4.1. Calculation of the Optimal Asphalt Content  
Density, VIM, VFA, VMA, Flow, Stability, and MQ are the factors used to determine the optimum asphalt content 
needed. In a preliminary investigation, Nawir et al. (2021) [32] estimated and explained the Marshall parameters used 
to determine the optimum bitumen content, obtaining an OAC of 5.5 percent by weight of the mixture. The arithmetic 
means of asphalt content at VIM, VAF, VAM, Flow, Stability, and MQ was used to determine OAC in this 
investigation [33]. 
4.2. AC-WC Marshall Parameter Testing 
Based on the weight of OAC to be added, the percentage of HDPE plastic seeds content is 1 percent, 2 percent, 3 
percent, 4 percent, 5 percent, 6 percent, and 7 percent. The addition of HDPE plastic seeds to AC-WC can reduce its 
total weight [33]. The following discussion is based on evaluating the Marshall AC-WC characteristics with different 










             Figure 4. Group of Marshall Specimens                                                  Figure 5. Marshall Test 
4.3. Density 
The density value is a volume weight value that shows how dense the asphalt concrete mixture is. Compaction 
temperature, constituent materials, filler substance, compaction energy, and asphalt substance are all factors that 
influence density. As the HDPE content of the seeds increases, the density value decreases. As shown in Figure 6, the 
highest density value of 2.203 g/cm3 happens when no seeds plastic HDPE content is present, while the lowest density 
value of 2.115 g/cm3 occurs when 7% of seeds plastic HDPE content is current. This suggests that adding 7% seeds 
polyethene HDPE to the control mixture reduces the density by 0.5 %. 
 




Figure 6. Correlation between HDPE seeds with density 
The relationship between density and seed polymeric HDPE material is consistent with findings from previous 
studies. Previous research [34] found that replacing various percentages of mineral aggregates with HDPE plastic ore 
content reduced the density of the mixture by 2.5 percent for 20 percent HDPE content and 6.8% for 60 percent HDPE 
content. The plastic content can lower the density of the mix, reducing the adhesive connection between the asphalt 
and the aggregate and the asphalt mixture's rutting resistance, reducing the asphalt pavement's service life [34]. 
According to Giri et al. (2020) [34], the density of bituminous asphaltic concrete (BAC) with an increasing plastic 
content would decrease. Furthermore, the density shift is caused by partial filler replacement with a lower density 
material than the reference filler, with the density drop proportional to the amount of material injected [34]. The 
density of the mixture, on the other hand, increases when a substance with a higher density is added [35]. Furthermore, 
greater density makes the mixture less permeable and more homogenous, resulting in a superior pavement. Fatigue 
life, rutting resistance, and overall durability all improve with increased pavement density [35]. 
4.3.1. Voids in Mix (VIM) 
The Void in the mix (VIM), also known as the cavity in the mixture, is used to determine the size of the mixed hole 
so that the niche is not too small, causing bleeding, or too large, causing oxidation/aging of the asphalt due to air and 
ultraviolet light entrance (SNI-06-2489- 1991). VIM values will be more significant in mixtures containing more 
recycled aggregate [36]. With the addition of HDPE plastic seed content, the VIM value increased. As indicated in 
Figure 7, the lowest VIM value was 3.75 percent when no HDPE plastic core was present, and the maximum value 
was 4.21 percent when 7 percent HDPE plastic seeds were present. This suggests that adding HDPE plastic seeds to 
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After earlier investigations, which have enhanced the value of VIM and added HDPE plastic seed content, the 
association between VIM and HDPE content follows. According to previous research [36], increasing HDPE in the 
mixture resulted in more fabulous air spaces. Furthermore, the plastic element can create air spaces, boost the asphalt 
mixture's corrosion resistance, and improve adhesion between the asphalt and aggregate. [37]. 
4.3.2. Voids in Mineral Aggregates (VMA) 
The VMA value [38] is one of the most critical metrics determining the asphalt mixture's durability and rutting 
effectiveness. The volume of voids between aggregate particles in a compacted mixture, expressed as a percentage of 
the total volume of the specimen [38], is known as the VMA. The VMA value increased, as did the VIM value, along 
with the first increase in the proportion of HDPE plastic seeds contained, as seen in Figure 8. Without HDPE plastic 
seeds, the lowest VMA value is 15.65 percent, whereas, with 7 percent HDPE plastic seeds, the highest VMA value is 
16.75 percent. This suggests that adding HDPE plastic seeds raises the VMA value slightly above the control mixture's 
value of 2%. 
 
Figure 8. Correlation between HDPE seeds with VMA 
The VMA process was performed under SNI 06-2489-1991, and the VMA graph demonstrated, in addition to the 
requirements, that the VMA value showed the accumulation of HDPE plastic ore on the graph over the 15 percent 
limit. The plastic content increases the vacuum content of minerals, increases routing resistance, and ensures adhesion 
to the asphalt mixture [38]. 
4.3.3. Voids filled with asphalt (VFA) 
The percentage of voids between VMA aggregate particles that are filled with asphalt (VFA), excluding asphalt 
absorbed by the aggregate [4], is called Void Filled with Asphalt (VFA). Figure 9 shows that the most significant VFA 
value is 0% plastic ore, 77.65% and that the lowest value is 7%, 75.47%. The added value of VFA can be slowly 
reduced by adding HDPE plastic seeds, in line with earlier studies [39]. This results in a modest decline in the VFA, 
3% of the control combination, by adding the HDPE plastic seeds. 
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The application of an AC-WC asphalt concrete layer containing HDPE plastic seeds is made by SNI 06-2489-1991. 
The addition of plastic material satisfies the specified criteria of 65 percent. This high VFA value can penetrate 
sufficiently into the voids of aggregate particles to establish a stable interfacial adhesion between the aggregate and 
bitumen surfaces in the asphalt mixture, as shown in the graph [39]. VFB has the primary effect of limiting the 
maximum VMA and asphalt content [39, 40]. For combinations with a VMA value near to the minimal value, the 
presence of VFB also reduces the permissible volume of air voids. 
4.3.4. Flow  
Flow is an empirical metric that serves as an indicator of the asphalt mixture's flexibility or changes in plastic shape 
due to the load. The asphalt content of the mix influences the melting of the mix in the combination, as well as the 
temperature, asphalt viscosity, and aggregate particle form [40]. Figure 10 shows the flow value of the AC-WC 
mixture with plastic content, which continues to drop by 1 percent to 4 percent HDPE plastic seed content before 
increasing at 5 percent to 7 percent level. The most excellent Flow value for 7% HDPE plastic seeds content is 4.86 
mm, while the lowest Flow value of 4% HDPE plastic seed content is 4.43 mm. This means that the addition of HDPE 
plastic seeds reduces the Flow value by 14% compared to the control mixture; however, the Flow value increases after 
reaching the lowest point. Deformation resistance is usually better in AC-WC combinations with a low melting value 
at the Optimum Asphalt Content [41]. 
 
Figure 10. Correlation between HDPE seeds with Flow 
The graphical trend in Figure 10 is based on earlier research [42, 43]. It also demonstrates that the AC-WC mixture 
with plastic content meets the SNI 06-2489-1991 minimum criterion of 3 mm for all variants of the inclusion of HDPE 
plastic seeds. Low flow values paired with high stability indicate a mixture that is susceptible to cracking. The 
addition of plastic content to the AC-WC mixture results in a lower flow value at the 5% threshold, as shown in the 
research data. This is due to an excess of plastic content in the AC-WC mixture, which causes the mix to become 
brittle and susceptible to breaking [44]. 
4.3.5. Stability  
Stability is a measure of the mixture's capacity to carry activity loads until plastic yielding happens. When the test 
is stacked with the Marshall Test instrument, the stability value is measured explicitly from the trial [44]. Figure 11 
shows that increasing the stability value by up to 4% by adding HDPE plastic seeds increases the stability value. When 
the content of HDPE plastic seeds is increased from 5% to 7%, the stability declines. The highest value of Marshall 
Stability is achieved when 4 percent is added, with a weight of 1820 kg, while the lowest value is achieved when no 
plastic content is used, with a value of 1658 kg. This indicates a 16 percent rise in instability from the state without 
plastic content but a loss in stability by 5 percent to 7 percent plastic. The better the pavement can tolerate distortion, 
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Figure 11. Correlation between HDPE seeds with stability 
If the proportion of plastic in the asphalt content is up to 4% by weight, likely, the asphalt will no longer qualify as 
60/70 penetration asphalt. As a result, the author believes that adding HDPE plastic seeds to the AC-WC asphalt 
concrete mixer at a ratio of 4% plastic content of asphalt weight is ideal. Although stability improves when blended to 
a concentration of 5% or greater, the construction of AC-WC is threatened by rigid characteristics that are susceptible 
to fracture, breaking, and fatigue. The fall in the stability value is caused by a decrease in the mixture's adhesion [45]. 
The flow value is inversely proportional to the stability value. Therefore, an increase in the stability value will result in 
a drop in the flow value, and conversely versa, if the stability value decreases, the flow value will rise [45]. 
4.3.6. Marshall Quotient  
The Marshall Quotient (MQ) is a comparison of the stability and melt (flow) values, which is also an empirical 
indicator of the stiffness of the mixture [46]. The greater the MQ value, the stiffer a combination is and the more 
vulnerable it is to break [47]. Figure 8 shows that adding HDPE plastic seeds in amounts ranging from 1% to 4% to 
the AC-WC mixture can enhance the MQ value, indicating that the AC-WC mix is more complex and resistant to 
permanent deformation. When the MQ value exceeds 4%, the plastic content reduces to 7%. The most excellent MQ 
value is 4%, which equals 411 kg/mm, while the lowest value is 0%, which equals 343 kg/mm. This means that adding 
a particular amount of HDPE plastic seeds can raise the MQ value until it reaches a maximum of 32 percent of the 
control combination. The inclusion of HDPE plastic seeds lowers the MQ value even more [48]. 
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The MQ value of the AC-WC combination, including HDPE plastic seeds, was more significant than 300 kg/mm. 
The graph in Figure 12 demonstrates that the addition of plastic can increase the MQ value; this is consistent with 
earlier research. When a material has a high stability value and a low yield point, its stiffness makes it susceptible to 
breaking [48, 49]. MQ-rich states provide more flexible pavements that resist deformation under substantial loads 
[50]. 
5. Conclusions 
By examining the performance of asphalt mixtures with various HDPE plastic seeds, several conclusions can be 
drawn: 
 The results showed that HDPE plastic seeds in AC-WC concrete asphalt mixture meet SNI 06-2489-1991 
requirements. 
 The influence of HDPE plastic seed variation as additive with optimum asphalt content of 5.5% improves asphalt 
mix stability performance from 1658 kg to 1820 kg. The addition of HDPE plastic seeds on the oil asphalt causes 
the penetration of asphalt 60/70 to be more minor, then the level of asphalt hardness is higher. Asphalt viscosity 
increases (thickens) when the chemical components of metals in the asphalt increase, resulting in a stronger bond 
to the aggregate. 
 By inserting HDPE plastic seeds into the AC-WC mixture, the density and VFA values can be reduced by 7% 
and 3%, respectively. In addition, it can increase the VIM value by 9% and the VMA value by 2%. 
 Variations of HDPE plastic seeds affect the characteristics of AC-WC concrete asphalt mixture at a maximum 
concentration of 4% to the asphalt weight, namely: 
o Improved mix stability by 16% and MQ value by 32% from 0% plastic HDPE ore addition. The effect has 
increased ac-WC concrete asphalt mixture (road construction) to shoulder the traffic load until plastic melting 
occurs. 
o Lower the Flow value by 5% until it reaches the minimum value, but the flow value increases again after 
reaching the minimum value. 
 The study results strengthen previous research with the novelty of using plastic seeds materials that are easily 
obtained, low prices, and environmentally friendly. This research supports the appeal of environmentally 
acceptable and cost-effective plastic waste products as road shipping materials, reducing global environmental 
problems. 
 The author advises that additional research be conducted to determine the resistance, fatigue, and rutting of 
asphalt pavements exposed to water using waste materials. 
6. Declarations  
6.1. Author Contributions 
Conceptualization, D.N., and A.Z.M.; writing—original draft preparation, D.N., and A.Z.M.; writing—review and 
editing, D.N. and A.Z.M. All authors have read and agreed to the published version of the manuscript. 
6.2. Data Availability Statement 
The data presented in this study are available in article. 
6.3. Funding 
The authors received no financial support for the research, authorship, and/or publication of this article. 
6.4. Conflicts of Interest 
The authors declare no conflict of interest.  
7. References  
[1] Abreu, Liliana P.F., Joel R.M. Oliveira, Hugo M.R.D. Silva, and Paulo V. Fonseca. “Recycled Asphalt Mixtures Produced with 
High Percentage of Different Waste Materials.” Construction and Building Materials 84 (June 2015): 230–238. 
doi:10.1016/j.conbuildmat.2015.03.063. 
[2] Abukhettala, Mukhtar, and Mamadou Fall. “Geotechnical Characterization of Plastic Waste Materials in Pavement Subgrade 
Applications.” Transportation Geotechnics 27 (March 2021): 100472. doi:10.1016/j.trgeo.2020.100472. 
Civil Engineering Journal         Vol. 7, No. 09, September, 2021 
1579 
 
[3] Ahmadinia, Esmaeil, Majid Zargar, Mohamed Rehan Karim, Mahrez Abdelaziz, and Payam Shafigh. “Using Waste Plastic 
Bottles as Additive for Stone Mastic Asphalt.” Materials & Design 32, no. 10 (December 2011): 4844–4849. 
doi:10.1016/j.matdes.2011.06.016. 
[4] Appiah, Johnson Kwabena, Victor Nana Berko-Boateng, and Trinity Ama Tagbor. “Use of Waste Plastic Materials for Road 
Construction in Ghana.” Case Studies in Construction Materials 6 (June 2017): 1–7. doi:10.1016/j.cscm.2016.11.001. 
[5] ASEIC, Eco-Innovation in the Waste Management sector towards SCP and Circular Economy. Gyeonggido, Korea: ASEM 
SMEs Eco-Innovation Center (ASEIC), 2019. 
[6] Celauro, Clara, Rosalia Teresi, Francesco Graziano, Francesco Paolo La Mantia, and Antonio Protopapa. “Preliminary 
Evaluation of Plasmix Compound from Plastics Packaging Waste for Reuse in Bituminous Pavements.” Sustainability 13, no. 4 
(February 19, 2021): 2258. doi:10.3390/su13042258. 
[7] Choudhary, A. K., J. N. Jha, K. S. Gill, and S. K. Shukla. “Utilization of Fly Ash and Waste Recycled Product Reinforced with 
Plastic Wastes as Construction Materials in Flexible Pavement.” Geo-Congress 2014 Technical Papers (February 24, 2014): 
3890-3902. doi:10.1061/9780784413272.377. 
[8] Cox, Ben C., and Isaac L. Howard. “Evaluation of Marshall Stability Design Principles: Applied to Cold In-Place Recycling.” 
Transportation Research Record: Journal of the Transportation Research Board 2672, no. 28 (July 28, 2018): 211–222. 
doi:10.1177/0361198118781389. 
[9] Palomar, Adriel Alfred Umali, Marloe B. Sundo, Perlie P. Velasco, and Donny Rey D. Camus. “End-of-Pipe Waste Analysis 
and Integrated Solid Waste Management Plan.” Civil Engineering Journal 5, no. 9 (September 22, 2019): 1970–1982. 
doi:10.28991/cej-2019-03091386. 
[10] Dalhat, M. A., and H. I. Al-Abdul Wahhab. “Performance of Recycled Plastic Waste Modified Asphalt Binder in Saudi 
Arabia.” International Journal of Pavement Engineering 18, no. 4 (September 28, 2015): 349–357. 
doi:10.1080/10298436.2015.1088150. 
[11] De Rezende, L.R., M.O. Marques, and N.L. da Cunha. “The Use of Non-Conventional Materials in Asphalt Pavements Base.” 
Road Materials and Pavement Design 16, no. 4 (June 19, 2015): 799–814. doi:10.1080/14680629.2015.1055334. 
[12] Eftekhari, Sajad, Hamed Shooshtari Gugtapeh, and Milad Rezaei. “Effect of Meat Extract as an Eco-Friendly Inhibitor on 
Corrosion Behavior of Mild Steel: Electrochemical Noise Analysis Based on Shot Noise and Stochastic Theory.” Construction 
and Building Materials 292 (July 2021): 123423. doi:10.1016/j.conbuildmat.2021.123423. 
[13] El-Naga, Islam Abo, and Mohamed Ragab. “Benefits of Utilization the Recycle Polyethylene Terephthalate Waste Plastic 
Materials as a Modifier to Asphalt Mixtures.” Construction and Building Materials 219 (September 2019): 81–90. 
doi:10.1016/j.conbuildmat.2019.05.172. 
[14] Dalhat, M.A., and H.I. Al-Abdul Wahhab. “Cement-Less and Asphalt-Less Concrete Bounded by Recycled Plastic.” 
Construction and Building Materials 119 (August 2016): 206–214. doi:10.1016/j.conbuildmat.2016.05.010. 
[15] Farooq, Mohammad Adnan, Mohammad Shafi Mir, and Ankit Sharma. “Laboratory Study on Use of RAP in WMA 
Pavements Using Rejuvenator.” Construction and Building Materials 168 (April 2018): 61–72. 
doi:10.1016/j.conbuildmat.2018.02.079. 
[16] Fauzi, Achmad, Zuraidah Djauhari, and Usama Juniansyah Fauzi. “Soil Engineering Properties Improvement by Utilization of 
Cut Waste Plastic and Crushed Waste Glass as Additive.” International Journal of Engineering and Technology 8, no. 1 
(2016): 15–18. doi:10.7763/ijet.2016.v8.851. 
[17] Ghabchi, Rouzbeh, Chamika Prashan Dharmarathna, and Maryam Mihandoust. “Feasibility of Using Micronized Recycled 
Polyethylene Terephthalate (PET) as an Asphalt Binder Additive: A Laboratory Study.” Construction and Building Materials 
292 (July 2021): 123377. doi:10.1016/j.conbuildmat.2021.123377. 
[18] Sarang, Goutham, B.M. Lekha, G. Krishna, and A.U. Ravi Shankar. “Comparison of Stone Matrix Asphalt Mixtures with 
Polymer-Modified Bitumen and Shredded Waste Plastics.” Road Materials and Pavement Design 17, no. 4 (December 29, 
2015): 933–945. doi:10.1080/14680629.2015.1124799. 
[19] Huang, Baoshan, Guoqiang Li, Dragan Vukosavljevic, Xiang Shu, and Brian K. Egan. “Laboratory Investigation of Mixing 
Hot-Mix Asphalt with Reclaimed Asphalt Pavement.” Transportation Research Record: Journal of the Transportation 
Research Board 1929, no. 1 (January 2005): 37–45. doi:10.1177/0361198105192900105. 
[20] Huo, Wangwen, Zhiduo Zhu, Wu Chen, Jie Zhang, Zhuanzhuan Kang, Shaoyun Pu, and Yu Wan. “Effect of Synthesis 
Parameters on the Development of Unconfined Compressive Strength of Recycled Waste Concrete Powder-Based 
Geopolymers.” Construction and Building Materials 292 (July 2021): 123264. doi:10.1016/j.conbuildmat.2021.123264. 
[21] Ibrahim, Al-Hadidy A. “Laboratory Investigation of Aged HDPE-Modified Asphalt Mixes.” International Journal of Pavement 
Research and Technology 12, no. 4 (July 2019): 364–369. doi:10.1007/s42947-019-0043-y. 
Civil Engineering Journal         Vol. 7, No. 09, September, 2021 
1580 
 
[22] Irianto, A Rachman Djamaluddin, M Pasra, and Ardy Arsyad. “Experimental Study on Marshall Stability and Flow of Asphalt 
Concrete Wearing Course (AC-WC) Mixture Using Asbuton Semi Extracted as Binder.” IOP Conference Series: Earth and 
Environmental Science 419 (February 8, 2020): 012074. doi:10.1088/1755-1315/419/1/012074. 
[23] Kalantar, Zahra Niloofar, Mohamed Rehan Karim, and Abdelaziz Mahrez. “A Review of Using Waste and Virgin Polymer in 
Pavement.” Construction and Building Materials 33 (August 2012): 55–62. doi:10.1016/j.conbuildmat.2012.01.009. 
[24] Köfteci, Sevil, Perviz Ahmedzade, and Taylan Günay. “Evaluation of Bitumen Physical Properties Modified with Waste 
Plastic Pipes.” Canadian Journal of Civil Engineering 45, no. 6 (June 2018): 469–477. doi:10.1139/cjce-2017-0672. 
[25] Lopang, Ita, Nicholas Tedjasukmana, Jerry Jerry, and Amelia Makmur. "Pengaruh Penggunaan Plastik HDPE Sebagai Bahan 
Aditif Terhadap Aspal Dengan Agregat Kasar Hasil Limbah Beton." Jurnal Teknik dan Ilmu Komputer (2018): 389–401. 
[26] Machsus, Machsus. “Improvement for Asphalt Mixture Performance Using Plastic Bottle Waste.” International Journal of 
GEOMATE 20, no. 79 (March 1, 2021): 139–146. doi:10.21660/2021.79.j2035. 
[27] Mahmuda, Sumiati, and T Lina Flaviana. “Asphalt Modified Plastic Waste To Defend Damage In Asphalt Concrete (Ac-Wc).” 
Journal of Physics: Conference Series 1167 (February 2019): 012011. doi:10.1088/1742-6596/1167/1/012011. 
[28] Mansourian, Ahmad, Ali Rezazad Goahri, and Fariba Karimian Khosrowshahi. “Performance Evaluation of Asphalt Binder 
Modified with EVA/HDPE/nanoclay Based on Linear and Non-Linear Viscoelastic Behaviors.” Construction and Building 
Materials 208 (May 2019): 554–563. doi:10.1016/j.conbuildmat.2019.03.065. 
[30] Mazouz, Mahammed, and M. Merbouh. “The Effect of Low-Density Polyethylene Addition and Temperature on Creep-
Recovery Behavior of Hot Mix Asphalt.” Civil Engineering Journal 5, no. 3 (March 18, 2019): 597. doi:10.28991/cej-2019-
03091271. 
[31] Melbouci, B., S. Sadoun, and A. Bilek. "Study of strengthening of recycled asphalt concrete by plastic aggregates." 
International Journal of Pavement Research and Technology 7, no. 4 (2014): 280-286. doi:10.6135/ijprt.org.tw/2014.7(4).280. 
[32] D. Nawir and A. Z. Mansur, "Evaluation of the Performance of Buton Rock Asphalt-a Local Non-Petroleum Bitumen and 
Plastic Waste Mixture as a Sustainable Asphalt Concrete Mix in Tropical Region," J. Eng. Appl. Sci. 16, no. 1 (2021): 34-41. 
[33] Nawir, Daud. "Resistance Test of Porous Asphalt Using Liquid Ashburton and Beach Sand against Immersion Time and 
Temperature." Solid State Technology 63, no. 5 (2020): 5043-5056. 
[34] Giri, Jyoti Prakash, Mahabir Panda, and Umesh Chandra Sahoo. “Use of Waste Polyethylene for Modification of Bituminous 
Paving Mixes Containing Recycled Concrete Aggregates.” Road Materials and Pavement Design 21, no. 2 (June 18, 2018): 
289–309. doi:10.1080/14680629.2018.1487873. 
[35] Ngurah Widyantara, I Gusti, Latif Budi Suparma, and Imam Muthohar. “Stabilitas Marshall Dan Ketahanan Deformasi Warm 
Mix Asphalt Menggunakan Aditif Zycotherm.” INERSIA: lNformasi Dan Ekspose Hasil Riset Teknik SIpil Dan Arsitektur 14, 
no. 1 (April 30, 2018): 48–61. doi:10.21831/inersia.v14i1.19494. 
[36] Nouali, Mohammed, Zohra Derriche, Elhem Ghorbel, and Li Chuanqiang. “Plastic Bag Waste Modified Bitumen a Possible 
Solution to the Algerian Road Pavements.” Road Materials and Pavement Design 21, no. 6 (January 3, 2019): 1713–1725. 
doi:10.1080/14680629.2018.1560355. 
[37] Prayogo, R D R B, S Suherman, and N Khairini. “Characteristics of Asphalt Concrete-Wearing Course (AC-WC) Mixtures 
Using Concrete Waste as Rought Agregate and Addition of Wetfix-Be.” IOP Conference Series: Materials Science and 
Engineering 830 (May 19, 2020): 022044. doi:10.1088/1757-899x/830/2/022044. 
[38] Qadir Ismael, Mohammed, and Teba Tariq Khaled. “Evaluation of Hot Mix Asphalt Containing Reclaimed Asphalt Pavement 
to Resist Moisture Damage.” Journal of Engineering and Sustainable Development 23, no. 05 (September 1, 2019): 117–136. 
doi:10.31272/jeasd.23.5.9. 
[39] Rahmawati, Anita. “Perbandingan Penggunaan Polypropilene (PP) Dan High Density Polyethylene (HDPE) PADA Campuran 
LASTON_WC.” Jurnal Media Teknik Sipil 15, no. 1 (June 15, 2017): 11-19. doi:10.22219/jmts.v15i1.4414. 
[40] Revilla-Cuesta, Víctor, Marta Skaf, Amaia Santamaría, Vanesa Ortega-López, and Juan Manuel Manso. “Assessment of 
Longitudinal and Transversal Plastic Behavior of Recycled Aggregate Self-Compacting Concrete: A Two-Way Study.” 
Construction and Building Materials 292 (July 2021): 123426. doi:10.1016/j.conbuildmat.2021.123426. 
[41] F. Rosyad and D. D. Sary, "The Effect of Adding Plastic Seed As A Substitute of Fine Fraction on The Density And Stability 
of AC-BC Asphalt Mixture," J. Tekno 14, no. 1 (2017): 43–51. 
[42] Saragi, Yetty Riris Rotua, Partahi Lumbangaol, Ros Anita Sidabutar, and Ben Saputra Siahaan. “Marshall Characteristics in 
Asphalt Concrete –Wearing Corse (AC-WC) in Various Length and Temperature Submersion.” Procedia Engineering 171 
(2017): 1421–1428. doi:10.1016/j.proeng.2017.01.460. 
Civil Engineering Journal         Vol. 7, No. 09, September, 2021 
1581 
 
[43] Rubio, M. Carmen, Germán Martínez, Luis Baena, and Fernando Moreno. “Warm Mix Asphalt: An Overview.” Journal of 
Cleaner Production 24 (March 2012): 76–84. doi:10.1016/j.jclepro.2011.11.053. 
[44] Shahane, Hrishikesh Ashok, and Sukhanand Sopan Bhosale. “E-Waste Plastic Powder Modified Bitumen: Rheological 
Properties and Performance Study of Bituminous Concrete.” Road Materials and Pavement Design 22, no. 3 (July 19, 2019): 
682–702. doi:10.1080/14680629.2019.1642944. 
[45] Singh, Narinder, David Hui, Rupinder Singh, I.P.S. Ahuja, Luciano Feo, and Fernando Fraternali. “Recycling of Plastic Solid 
Waste: A State of Art Review and Future Applications.” Composites Part B: Engineering 115 (April 2017): 409–422. 
doi:10.1016/j.compositesb.2016.09.013. 
[46] Tong, Jusheng, Tao Ma, Kairen Shen, Hanyu Zhang, and Shaopeng Wu. “A Criterion of Asphalt Pavement Rutting Based on 
the Thermal-Visco-Elastic-Plastic Model.” International Journal of Pavement Engineering (July 20, 2020): 1–11. 
doi:10.1080/10298436.2020.1792470. 
[47] White, Greg, and Gordon Reid. “Recycled Waste Plastic Modification of Bituminous Binder.” Bituminous Mixtures and 
Pavements VII (May 24, 2019): 3–12. doi:10.1201/9781351063265-1. 
[48] Wu, Shenghua, and Luke Montalvo. “Repurposing Waste Plastics into Cleaner Asphalt Pavement Materials: A Critical 
Literature Review.” Journal of Cleaner Production 280 (January 2021): 124355. doi:10.1016/j.jclepro.2020.124355. 
[49] Yaghoubi, Ehsan, Arul Arulrajah, Yat Choy Wong, and Suksun Horpibulsuk. “Stiffness Properties of Recycled Concrete 
Aggregate with Polyethylene Plastic Granules in Unbound Pavement Applications.” Journal of Materials in Civil Engineering 
29, no. 4 (April 2017): 04016271. doi:10.1061/(asce)mt.1943-5533.0001821. 
[50] Ben Zair, Mohamed Meftah, Fauzan Mohd Jakarni, Ratnasamy Muniandy, and Salihudin Hassim. “A Brief Review: 
Application of Recycled Polyethylene Terephthalate in Asphalt Pavement Reinforcement.” Sustainability 13, no. 3 (January 
27, 2021): 1303. doi:10.3390/su13031303. 
